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燥压力 15.0MPa，干燥温度为 60.0℃，醇水比 4.0，CO2 流率 10.0L/min，原料固
含量为 10.4%时，消光剂产品比表面积为 300.0m2/g，孔容为 1.4cm3/g，吸油值为
























获得补强剂产品吸油值为 3.1mL/g，堆积密度为 0.1016g/cm3、比表面积 135.0m2/g、
D50 为 9.3μm，可以作为硅橡胶补强剂；相比喷雾干燥产品，在吸油值、堆密度








量为 0.108g/g 分子筛，乙醇的吸附量为 0.302g/g 分子筛。6.0MPa 时，水的吸附
量为 0.0720g/g 分子筛，乙醇的吸附量为 0.171g/g 分子筛。因此高压下（16MPa）





















Silica particles are widely used according to their different properties due to 
different micro-structures. As a green chemistry approach, supercritical fluid 
technology has received wide applications over the past years, among it, supercritical 
fluid drying (SCD) progresses significantly because of its capability to protect porous 
materials. In this study, SCD was applied to two kinds of silica products with different 
micro-structures: silica matting and silicone rubber reinforcing agent; silica alcohol 
gel was prepared by sol–gel process to explore the SCD mechanism by comparing 
experimental results with modeling calculations. Additionally, as an important issue 
for scale-up of SCD, the recycling of CO2 with removed water was also studied. 
By direct use of the raw material (hydrogel) for manufacturing matting agent, 
SCD was applied. The obtained dry matting agent was further characterized with the 
surface area, pore volume, bulk density and the oil (dibutyl-phthalate, DBP) adsorbing 
value. The impact of different reaction conditions (pressure, temperature, amount of 
solids, ratio of ethanol to water, and fluid rate) on both the drying rate and the 
properties of the products were explored. Results show, uniform silica particles were 
produced with little agglomeration; the temperature, pressure and the amount of solid 
content have little effect on the drying rate, but it increases with the ratio of ethanol to 
water. The final product (at pressure 15.0MPa, drying temperature 60.0℃, ratio of 
ethanol to water 4.0, CO2 flow rate 10.0L/min, solid content 10.4%) shows specific 
surface area of 300.0 m2/g, pore volume of 1.4 cm3/g, DBP oil absorption value of 4.2 
mL/g, packing density of 0.053 g/cm3 and average particle size of 9.3 μm, indicating a 
better performance due to the relatively high pore volume, DBP adsorption value, low 
packing density and small particle size when compared with the commercial products 
from a drying process with pore protectants. 
By direct use of the raw material (hydrogel) for manufacturing silicone rubber 
reinforcing agent, SCD was applied after a simple exchange of water with ethanol in 
the hydrogel. The obtained dry matting agent was further characterized with the 















adsorbing value. Results show, increasing the ethanol to water ratio, the amount of 
solid raw material, the CO2 flow rate, the temperature and pressure accelerates the 
drying rate and impacts the product properties. The optimal drying conditions are 
ethanol-water ratio 6.0, amount of solid 14.0%, CO2 flow rate 9.0L/min, drying 
temperature 60.0℃ and pressure 16.0MPa for the silicone rubber reinforcing agent 
with a surface area of 135.0 m2/g, DBP oil absorption value of 3.1 mL/g, packing 
density of 0.1016 g/cm3 and average particle size of 14.0 μm, indicating a better 
performance due to relatively high DBP oil absorption value, low packing density and 
low particle size (good dispersion) when compared with the commercial products 
from a spray drying process. 
In order to explore the drying mechanism, orthosilicate tetraethyl (TEOS) was 
used as the raw material to prepare the silica alcohol gel (by the sol-gel method) and 
its supercritical drying rate was studied under different temperatures, pressures and 
CO2 flow rates. Results show that increase of the temperature or CO2 flow rate can 
enhance the drying rate, while increase of the pressure decreases the drying rate. A 
mathematic model for the process was established, and the modeling results shows 
that the model can account for the effect of temperature, pressure and CO2 flow rate 
on the drying rate, and particularly, can explain the mechanism for the abnormal 
phenomenon that the pressure decreases the drying rate. 
The absorption of water and ethanol at 16.0MPa and 6.0MPa by a zeolite was 
studied; results show that the amounts of absorption of water at 16.0MPa and 6.0MPa 
are 0.108g/g and 0.072g/g respectivley; for ethanol, they are 0.302g/g and 0.171g/g 
respectivley. According to the study, a technology and the correspoding setup with 
recycling CO2 embodied into SCD were proposed and established, and the running 
results confirmed the good removal of solvents from the recycling CO2, particularly 
with installing the adsorption column at high pressure (16.0MPa). 
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关，如图 1-1 所示。 
 
图 1-1 表面粗糙度对光线的影响[10] 


























1.5cm3/g，对氮气的孔隙体积一般不大于 2.1cm3/g；BET 比表面积大于 100.0m2/g，
而更优的消光剂比表面积选择大于 300.0m2/g；重均粒径（D50）为 2.0-20.0μm；
通常的二氧化硅消光剂 DBP 吸收值大于 1.0mL/g，性能优秀的消光剂 DBP 吸收











果。二氧化硅是以 Si 原子为中心，O 原子为顶点形成的四面体不规则堆积而成。
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